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Statement of Problem Studied

The research focuses on establishing conditions when interfaces between interlayers are
important in governing fracture processes in composites with graded compositions. A
theoretical framework is sought that could ultimately quantify the role of interfaces when
their presence dominates behavior. Initial work is driven towards establishing general
trends. Experimentally, multilayer composites have been fabricated by several
techniques that aim at modifying interface characteristics. The competition between
fracture at notches of particular depth parallel to the interface and interface fracture is
examined. A model was devised to examine how the presence of the interface modifies
the stress field of an edge crack parallel to the interface. Experiments in which cracks
are extended from notches placed near interfaces have been conducted utilizing optical
moir¢ interferometry (conducted at INEEL). The crack driving force and mode mixity as
a function of type of interface and proximity to interface were determined.

Summary of the Most Important Results

Efforts have resulted in progress in three main areas. First, a significant effort has been
directed to experimental methods for extracting crack driving forces for cracks near
interfaces using optical moir¢ interferometry. A challenge encountered was overcome by
developing a new technique to extract fracture parameters from the experimental fringe
fields. The main problem was that the displacement data around the crack tip (used to
extract the crack driving force, K) crosses the interface when the crack is very close to
the interface. There is no known technique to analyze this data across the interface; only
methods for a data field in a homogeneous solid exist. A new technique was developed
using the method of fundamental solutions whereby moiré data across the interface could
be used. These experimental results indicate that in certain geometries (a ductile layer
sandwiched between two brittle layers) the relative stability of a crack depends on its
distance from the interface. Furthermore, there are conditions under which the crack may
propagate in mixed mode, though the crack is contained in a homogeneous brittle
material.

A second area of progress focused on processing composites of Nb and Al,Os of various
compositions. Surprisingly, the mechanical properties of Nb/Al,O; composites have
never been evaluated. Fracture testing has shown that there are no significant toughening
mechanisms over the entire range of compositions, likely due to the presence of a glassy
phase that forms during reaction between native niobium oxide and alumina. An
interesting discovery was the extreme difficulty in machining the composite specimens,
considering their relatively low fracture toughness (5 — 11 MPam" %): Nb/ALOs



particulate composites are extremely wear resistant, and while they may be expensive to
machine, they may be excellent in wear resistant applications.

A third area of work has involved establishing the mechanics of interfaces in graded
materials. This involved the efforts of researchers in the Computer Science and
Mathematics division at Oak Ridge National Laboratory (Dr. Leonard Gray) and a
student at Mines (Mr. Adam Goodworth) who analytically calculated the singularity
resulting when a bimaterial interface contacts a free surface by a new method. He
applied these calculations to an interface for Cu-W composites and found that the zone
where the singularity dominates is typically too small to have a significant impact on
extension behavior of a crack near the interface.The result is encouraging in the sense
that it implies a simplification of near-interface crack studies.
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